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doi:10.1016/j.jelectrocmyocardial infarction (MI) in patients with a first nonanterior wall MI, as reflected by changes in
precordial leads. Delayed enhancement cardiac magnetic resonance imaging was used as a gold
standard to localize and quantify myocardial scar tissue.
Methods: Electrocardiogram and cardiac magnetic resonance were studied in 56 patients. Areas
involved were related to QRS changes in precordial leads.
Results: Significant correlations were found between lateral wall involvement and R waves in V1
and V6 (P = 0.009-0.022). For patients with circumflex branch occlusions, the MI size of the
apical and lateral segments correlated strongly with the characteristics of R waves in V1 and V2
(P = 0.001-0.034).
Conclusions: Tall and broad Rwaves in V1 reflect lateral wallMI, especially in circumflex occlusions.
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Myocardial infarction (MI) can be reﬂected in the
standard 12-lead surface electrocardiogram (ECG) as a loss
of R waves and/or formation of Q waves in leads with
positive poles facing the necrotic myocardial wall. In
nonanterior MI, this is typically represented in leads II, III,
aVF, V5, and V6. In addition, a gain in height and width of R
waves in V1 has been observed as a result of necrosis in thes: The MAST project was supported by a grant from
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Open access under the Elsevier OA license. myocardial area opposite to its positive electrode.1-3 Some
authors reported a correlation between tall R waves in V1
with lateral wall MI.4-7 However, to our knowledge, little is
known regarding the height of the R waves in lead V1 as a
quantitative marker for the extent of MI size without the use
of other ECG characteristics.
Because of its excellent spatial resolution and possibility
to image in any anatomical orientation, delayed enhance-
ment cardiac magnetic resonance imaging (DE-CMR) has
become the clinical gold standard to determine localization
and extent of MI.8,9 It has also shown its quality in
correlating ECG ﬁndings and MI location and size.8,10
In this study, we sought to quantitatively test the
hypothesis that the changes in the QRS complex in V1 and
V6 are related to lateral involvement, in an independent
cohort of consecutive cases with a nonanterior MI. If correct,
these ﬁndings are not only of importance to appropriately
classify MI location but also have clinical implications in
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and at high risk for papillary muscle infarction.Methods
Patient population
Consecutive patients were studied, presenting with a ﬁrst
acute nonanterior wall ST-elevation MI (STEMI) at
Maastricht University Medical Center from August 2006 to
March 2008. ST-elevation MI was deﬁned according to ECG
and enzymatic criteria according to the recently published
consensus.11 Nonanterior was deﬁned as the culprit artery
being either the circumﬂex (CX), the right coronary artery
(RCA), or one of their branches.
Inclusion criteria were (1) symptoms consistent with an
acute STEMI lasting for more than 30 minutes but less than 6
hours, (2) ST-elevation of more than 1 mm in anatomically
adjacent leads in the initial ECG, (3) occlusion of either the
RCA or CX, and (4) availability of CMR images. Exclusion
criteria were (1) age below 18 years, (2) cardiogenic shock, (3)
pregnancy, (4) inability to obtain informed consent, (5)Fig. 1. Bull's-eye model according to the AHA 17 segment model within the hig
illustration online.standard contraindications for CMR, (6) occlusion of the left
anterior descending artery, and (7) the presence of a bundle-
branch block.
All patients were treated with standard medical care for
acute MI and primary percutaneous coronary intervention
(PCI) of the culprit artery. The culprit artery was deﬁned by
the interventional cardiologist based on standard operating
procedures using the European Society of Cardiology (ESC)
guidelines: irregular borders, eccentricity, ulcerations, and
ﬁlling defect suggestive of intraluminal thrombi.
The study protocol was approved by the review board
of our institution, and informed consent was obtained in
all patients.Cardiovascular magnetic resonance imaging protocol
Cardiovascular magnetic resonance imaging was per-
formed on a 1.5-T Philips Intera scanner (Philips Medical
Systems, Best, The Netherlands). Images were acquired
using ECG gating, during multiple breath-holds, and using a
dedicated 5-element phased array surface coil. Delayed
enhancement images were obtained 10 minutes after thehlighted areas in A (the lateral wall) and in B (the inferolateral wall). Color
Table 1
Patient characteristics
Variable Total (n = 56)
No. of patients %
Male 41 73
Diabetes mellitus 4 7
Hypertension 18 33
Dyslipidemia 18 33
Smokers or a history of smoking 51 91
Positive family history 24 44
Peripheral artery disease 6 11
AP in preceding 24 h 25 45
Baseline TIMI 0-1 ﬂowa 39 72
Final TIMI 3 ﬂowa 50 93
RCA occlusion 45 80
CX occlusion 11 20
Multiple vessel diseasea 27 49
Variable Mean SD
Age (y) 58 10
Total minutes of ischemiab 213 71
LVIS (%) 12 8
RIS lateral wall (%) 9 14
RIS inferolateral wall (%) 22 15
CK-MB t = 0 h (mg/L) 7 6
CK-MB t = 6 h (mg/L) 171 155
Troponin-T t = 0 h (μg/L) 0.05 0.11
Troponin-T t = 6 h (μg/L) 4.2 3.8
CRP t = 0 h (mg/L) 5.0 8.4
Pro-BNP t = 48 h (pmol/L) 110 93
Normal values: CK-MB male, b4.9 mg/L; female, b2.9 mg/L; troponin T,
b0.01 μg/L; CRP, b10 mg/L, Pro-BNP, b35 pmol/L.
AP indicates angina pectoris; RCA, right coronary artery; CX, circumplex;
SD, standard deviation; LVIS, left ventricular infarct size; RIS, regional
infarct size.
a Data from angiography.
b Calculated as time from onset of symptoms until intervention.
480 K. van der Weg et al. / Journal of Electrocardiology 45 (2012) 478–484intravenous administration of 0.2 mmol/kg body weight
gadolinium-diethylenetriaminepentaacetic acid (Gd-DTPA;
Magnevist, Schering, Germany) in short-axis view using a 3-
dimensional inversion recovery gradient-echo sequence
completely covering the left ventricle (LV) (average TR/
TE, 3.9/2.4 milliseconds; ﬂip angle, 15°; matrix, 1.56 × 1.56
mm; reconstructed slice thickness, 6 mm). Immediately
before the delayed enhancement images, a Look-Locker
sequence was run at to ﬁnd the inversion time (typical range,
200-280 milliseconds) that optimally suppressed the signal
of noninfarcted myocardium.
Cardiac magnetic resonance image analysis
Delayed enhancement cardiac magnetic resonance im-
ages were analyzed off-line independently by a single
experienced observer, blinded to the clinical and ECG data,
using commercially available software (CAAS MRV 3.0;
Pie Medical Imaging, Maastricht, The Netherlands). Endo-
cardial and epicardial contours were manually traced on the
DE-CMR images. Final left ventricular MI size was
quantiﬁed using an signal intensity (SI) threshold of greater
than 5 SD above a remote noninfarcted region and expressed
as a percentage of total LV mass.12 Areas of microvascular
obstruction (central hypoenhancement within hyperen-
hanced area) were included in MI size assessment.
The nomenclature of the American Heart Association
(AHA) was used to identify left ventricular wall location of
MI.13 In addition, regional MI size was calculated for the
lateral wall (involving segments 5, 6, 11, 12, and 16) and
inferolateral wall (involving segments 4, 5, 10, 11, and 15)
by summing MI size in these segments and dividing it by the
total number of segments per region. The segmental
nomenclature follows the AHA 17 segment model
(Fig. 1).13 The inferolateral wall consisted of the inferior
wall segments and the inferior segments of the lateral wall.
Electrocardiographic evaluation
Standard 12-lead ECGs were recorded using a General
Electric (GE) MAC 5500 12-lead recorder, produced in
Freiburg, Germany. Electrocardiogram were analyzed by a
single investigator, blinded to clinical and CMR data. The
ECG closest to the day of CMR imaging during admission wasFig. 2. Electrocardiogram measurement. Image showing the method of
measuring the QRS variables in lead V1.used for ECG evaluation. This ECG was scanned into a
software environment and magniﬁed 8 times. After magniﬁ-
cation, the height and width of the Q, R, and S waves in V1
through V6 were measured manually. These measurements
were used to also calculate the R/S ratio in V1
5,14 and
combined the value of the height and width of the R wave in
V1 by multiplying both, which we termed surface of R
(although it was not divided by the constant 2) (Fig. 2).
Measurements were displayed in mm, with 1 mm correspond-
ing with 40ms for width and with 0.1 mV for height.Statistical and data analyses
Electrocardiographic characteristics were correlated with
MI size of each single inferior and lateral segment (Fig. 1)
and with the lateral and inferolateral wall (as described
above). A subgroup analysis was applied for RCA and CX
MI separately. Simple linear regression was used to assess
the effects of characteristics of R and Q waves on regional
MI size of the lateral and inferolateral wall. In addition, these
effects were assessed by multiple linear regression with
correction for the most signiﬁcant patient characteristics with
a maximum of 4 because of a total sample size of 56 patients.
The goodness-of-ﬁt of the model was displayed by R2, the
square number of the correlation coefﬁcient. The correlation
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and qq-plots, was evaluated using Kendall or Spearman
correlations (rs). Correlations were regarded as signiﬁcant if
P ≤ .05. Data were analyzed using SPSS version 16.0 (IBM,
New York). Because of the extent of the data section, only
relevant correlations will be presented in the result section,
focusing on leads V1, V2, and V6.Results
The baseline characteristics are shown in Table 1. In
total, 56 consecutive patients with a mean age of 58 years
(SD, 10 years; range, 31-81 years) were included in this
study. The culprit artery was the RCA in 46 (82%) and the
CX in 10 (18%) patients. Patients underwent a CMR study
5 (SD, 2; range, 2-12) days after admission and interven-
tion. The target ECG was recorded within a mean of 3 (SD,
2; range, 0-11) days before CMR study. Thirty-nine patients
(72%) had thrombolysis in myocardial infarction
(TIMI) ﬂow grade 0 to 1 before PCI, and TIMI 3 was
established in 50 patients (93%) after PCI. Multivessel
disease was present in 27 (49%).Fig. 3. Electrocardiographic and CE-CMR images of a large lateral infarct. Top, 12-
and loss of height of R in V6. Right, CE-CMR images showing an inferolateral and
(see black arrow).Electrocardiogram variables studied in relation to the
lateral wall
Simple linear regression analyses showed a moderate
correlation between regional MI size of the lateral wall and
the height, width, and surface area of R waves and R/S ratio
in V1 and a negative correlation with the height of R waves in
V6 (Table 2). The highest correlation was found for the R/S
ratio and surface of R in V1 and the height of R waves in V6.
All had a P value of .001.
Multiple linear regression analyses showed a high
correlation when corrected for potential confounders of sex,
occluded vessel (RCA or CX), and single or multiple vessel
disease. All regression models had a P value of less than .001.
The most signiﬁcant associations were found for the surface
of R in V1 (p = 0.010) and the height of R waves in V6 (P =
0.009). R waves in V2 were found to have little value in
evaluating the extent of lateral wall involvement (Fig. 3).
Electrocardiogram variables studied in relation to the
inferolateral wall
As shown in Table 2, a moderate correlation was
found between regional MI size of the inferolaterallead ECG showing Q waves in leads II, III, aVF, and V6, a tall R wave in V1
lateral wall infarction (between white arrows) with microvascular obstruction,
Table 3
Spearman correlation for the apical inferior and lateral segments in
CX occlusion
Spearman correlation for the apical inferior and lateral segments
Segment 15 Segment 16
rs P rs P
Height of R in V1 in mm 0.81 .002 0.80 .003
Width of R in V1 in mm 0.56 .046 0.60 .034
Surface of R in V1 in mm
2 0.98 b.001 0.82 .002
R/S ratio in V1 0.90 b.001 0.77 .005
Height of R in V2 in mm 0.87 .001 0.77 .005
Width of R in V2 in mm 0.91 b.001 0.76 .006
Segment 15 is the apical inferior segment. Segment 16 is the apical lateral
segment.
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Multiple linear regression slightly improved the correla-
tion of these characteristics.
Apical inferior and apical lateral segments in CX occlusion
The ECG characteristics of and the MI size of
individual segments showed a clear association for the
apical inferior segment (segment 15) and the apical lateral
segment (segment 16) in the total population. In the 11
patients with CX occlusion, Spearman test showed a strong
correlation between the MI size in segment 15 and
segment 16 and the height, width, and surface of R
waves and R/S ratio in V1 and the height and width of R
waves in V2. The surface of R waves in V1 had the highest
correlations with the apical inferior and apical lateral
segment (rs = 0.98, P b .001 and rs = 0.82, P = .002,
respectively) (Table 3).Discussion
The principal ﬁndings of this study are (1) tall or wide R
waves in V1 or small R waves in V6 are quantitatively
associated with a lateral MI, (2) the depth and width of QTable 2
Simple and multiple linear regression analyses
Simple and multiple linear regression analyses for regional infarct size of
the lateral wall
R B 95% CI P
Simple linear regression
Height of R in V1 in mm 0.41 4.57 1.77 to 7.38 .003
Width of R in V1 in mm 0.33 15.94 3.59 to 28.28 .012
Surface of R in V1 in mm
2 0.43 4.62 1.94 to 7.29 .001
R/S in V1 0.43 13.87 5.93 to 21.81 .001
Height of R in V2 in mm 0.18 0.70 −0.35 to 1.74 .188
Width of R in V2 in mm 0.10 4.91 −9.29 to 19.11 .491
Height of R in V6 in mm 0.46 -1.31 −2.01 to −0.60 .001
Multiple linear regression
Height of R in V1 in mm 0.68 3.50 0.82 to 6.18 .011
Width of R in V1 in mm 0.67 15.58 2.39 to 28.77 .022
Surface of R in V1 in mm
2 0.68 3.44 0.87 to 6.01 .010
R/S in V1 0.65 6.96 −0.75 to 14.67 .076
Height of R in V2 in mm 0.65 0.83 −0.07 to 1.73 .069
Width of R in V2 in mm 0.65 9.79 −2.52 to 22.09 .116
Height of R in V6 in mm 0.65 -0.92 −1.60 to −0.25 .009
Simple and multiple linear regression analyses for regional infarct size of
the inferolateral wall
R B 95% CI P
Simple linear regression
Depth of Q in V6 in mm 0.33 6.39 1.26-11.530 .016
Width of Q in V6 in mm 0.36 18.67 5.30-32.04 .007
Multiple linear regression
Depth of Q in V6 in mm 0.38 6.77 1.04-12.50 .022
Width of Q in V6 in mm 0.40 19.30 3.92-34.69 .015
Confounders in multiple regression are sex, occluded vessel, and single or
multiple vessel disease. Sex was found to be an independent confounder. All
multiple correlation models of the lateral wall had a P b .001, the multiple
correlation models of the inferolateral wall had a P b .042 and .032,
respectively. P values in table correspond with B value. R indicates
correlation value; B, the increase of infarct in percentage when the variable
increases with 1.00; CI, conﬁdence interval.waves in V6 corresponded best with inferolateral MI, and (3)
very strong relations were found between the apical inferior
or apical lateral segment and the height and width of R waves
in V1 or V2 as a result of occlusion of the CX.
The R in V1 and V2
The clinical signiﬁcance of the tall R waves in V1 has
recently been reported by Bayes de Luna et al and Rovai et
al.6,15-17 Our ﬁnding of tall R waves in V1 being correlated
with lateral wall MI instead of the posterior wall MI was
congruent with their results. However, their ﬁndings were
observational and based on small study populations that did
not allow quantitative analysis. Our population is larger,
enabling quantiﬁcation of the relation between the charac-
teristics of R waves in V1 or V2 and the extent of lateral MI
using multivariate regression analysis.
A well-validated method for quantifying MI size with
ECG characteristics is the Selvester score. This scoring
system predicts MI size and location using 50 criteria. To
accurately predict MI size, all 50 criteria should be evaluated
and scored. Recent studies correlating Selvester score with
MI size determined by CMR showed that the score was more
accurate in predicting anterior vs nonanterior infarct size
with R equal to 0.13 to 0.78,18-23 with most results
approximately R = 0.6. Using 1 single criterion, our data
showed correlations of R = 0.65 to 068 when corrected for
sex, occluded vessel, and single or multivessel disease. This
feature could provide a faster method for determining lateral
infarct size, although studies in other and larger populations
are needed to conﬁrm the correlations found.
Changes of the QRS complex in lead V6
Loss of height of R waves in lead V6 was found to be a
sign of a lateral MI and was quantitatively related to MI size.
Q waves in V6, however, were related to inferolateral
involvement. In the literature, deep and wide Q waves in V6
are classically24-26 as well according to the Selvester
criteria5,7 associated with a lateral MI. Our ﬁndings suggest
a more speciﬁc correlation, that is, inferolateral involvement.
This is supported by other studies reporting poor correlations
between deep or wide Q waves in V6 and the lateral wall.
2,17
The fact that Q waves and the loss of height of R waves in V6
correspond to different locations involved may be explained
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activated before the lateral wall.27
R wave behavior in CX occlusion
R waves were on average higher in patients with a CX
occlusion. This indicates that tall R waves in V1 are mostly
due to occlusion of the CX, as expected considering its
supply area. In particular, high correlations were found
between tall or broad R waves in V1 or V2 and the apical
inferior or lateral segment in patients with a CX occlusion.
This ﬁnding has, to our knowledge, not previously been
described. Apparently in this subpopulation of occlusion of
dominant CXs leading to STEMI with ST elevation in
leads II, III, and aVF, the vectors of V1 and V2 are more
apically oriented.
Limitations of this study
Our study included nonanterior STEMI patients. Includ-
ing only STEMI cases led to an underrepresentation of CX
occlusions and to the selection of dominant CX occlusions. It
is therefore not known, whether our ﬁndings in predicting
MI size are also applicable to non-STEMI populations.
Another limitation is the relatively small study population of
patients with CX occlusion.
Clinical implications
Our ﬁndings give insight into the involvement of LV
segments in relation to the changes in the precordial leads
in lateral and inferolateral wall MI. Our data conﬁrm
previous observations that tall or broad R waves in V1 are
correlated with lateral wall MI instead of posterior MI. In
addition to above, our ﬁndings have important clinical
implications in identifying extensive involvement of the
lateral wall. Lateral wall MI could be associated with
papillary muscle MI and presence of both identiﬁes patients
at risk for mitral regurgitation.28Summary and conclusion
These data represent, to our knowledge, the largest group of
nonanterior MI patients quantitatively analyzed for ECG
characteristics in the precordial leads and MI size and location
using CMR. Characteristics of R and S waves studied in lead
V1 indicate lateral wall involvement and give insight in the
extent of infarct size. Depth and width of Q waves in V6 are
related to an inferolateral location and infarct size.
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